Résumé. 2014 Abstract. 2014 The theory of Doppler-free magnetic optical activity associated with a single absorption line is presented. The transmission of tunable laser light, linearly polarized, through a dilute gaseous medium along a steady magnetic field is studied in the presence of a second counterpropagating saturating laser. The third order non linear susceptibility is calculated for a two-level system exhibiting a normal Zeeman effect, with arbitrary J values.
1. Introduction. -When a linearly polarized light beam propagates through an absorbing medium placed in a steady magnetic field, parallel to the direction of propagation of the light, it becomes elliptically polarized. The major axis of the ellipse is rotated by an angle 0 from the initial direction of polarization (Faraday effect) . The ellipticity (P of the emerging light results from the circular dichroism and the angle 0 from the circular birefringence induced by the magnetic field. Both phenomena which are functions of the frequency, c~, are covered by the general name of « magnetic optical activity » (MOA) ; they are related to the electrical susceptibility tensor X(e) of the medium, through [1] ;
where the z-axis is taken along the direction of the magnetic field and the direction of propagation of the light. The MOA is usually observed through the magnetic rotation spectra (MRS), i.e. the intensity of radiation transmitted through crossed polarizers [1] I is the sample length, aR.L is the absorption coefficient for right and left circularly polarized wave, and lo is the reference intensity.
MRS have been investigated for several monoatomic vapours, and a number of diatomic gases and molecular complexes [2] in the visible and near infrared regions. They provide the same informations on molecular or atomic structures than classical absorption spectroscopy and, moreover, specific informations on very small magnetic moments, electronic states perturbations [3] , bands heads of some vibrational spectra [4] , coupling schemes and transition moments [5] of molecules.
In recent years the improvement in spectroscopic technique arising from tunable visible and near infrared lasers has been used to accurately determine the structure and shape of atomic [6] [7] .
In this paper we focus on the introduction in magnetic optical activity of the well known result of saturated absorption spectroscopy ; that is, the elimination of the Doppler effect by subjecting the medium to another intense laser beam counterpropagating with respect to the probe, with a frequency close to the probe frequency. This « saturated Faraday effect » has been suggested [10] to explain modifications of the saturated Zeeman absorption spectra of I2 with magnetic field reversal [11] but, to our knowledge, no systematic study of this effect has been reported. We neglect, in this paper, the non linear effects introduced in the classical MRS by a strong magnetic field (quadratic Zeeman and Paschen Back effects [8] or by a strong probe laser [9] [12] and they are similar to those used in twophoton polarization spectroscopy [13] . Density matrix elements, solutions of the Liouville equation, are calculated with the diagrammatic summation method of reference [12] in the irreducible tensor operators representation well suited in high J cases [14] . Arbitrary polarization of the saturation beam has been considered but we only present here the results for the most interesting case of circularly polarization which retain the gyrotropic character of the perturbed medium (Eq. (1) is again valid here).
On the other hand, in the limit of weak strength of the saturation beam, the usual one-photon Faraday effect for Doppler broadened lines is obtained. This must be subtracted from the signal, using an appropriate modulation of the saturating beam, so that the observation is focused on the non linear part of the susceptibility which depends upon the two photons. Figure 1 shows the predicted Faraday rotation 0 versus the reduced detuning x from equation (3) and coefficients (5a) or (5b) for R, P and Q transitions with J = 6, in the extreme Doppler limit approximation, as mentioned above. Figure 2 There is a noticeable difference between R, P transitions and Q transition behaviour, since for OJ = ± 1, for J = 6, r = 2/3, H = 10, fl2 = 0.12 ybc as given by the third order calculation with a right handed saturating laser polarization. C = 9.65 (I = 1 cm), with the conditions of reference [7] for the R( 13/2) 1 /2 line of NO. Figure 3 shows of 0 and ø measurements in terms of 7b, Yc, 7bc and Zeeman splitting as given by equation (3) with the coefficients (5a), (5b), (5c). 3 . Discussion and conclusion. -The zero-magnetic field limits of expressions (3) lead to the Doppler-free polarization spectroscopy (DFPS) ; they are consistent with the expressions of Wieman and Hansch [15] . A different J-dependence for Q and R-P transitions was noted for DFPS [16] ; this remark applies also to DFMOA and should help, as mentioned, for labelling of molecular lines; taking advantage that the Q transition signals in DFMOA may be more intense than the corresponding Q branch of DFPS.
An all-order calculation of DFPS signals has been computed by Ritze et al. [17] for high J values. Such a sum on all magnetic sublevels of terms similar to the 0 -~ 1 expressions (6) may be carried out numerically [20] . Even very small magnetic moments may be measured from the magnetic splitting. Saturated absorption techniques with magnetic field also have been introduced by some authors through Zeeman absorption spectra in CH4 [18] , or the Hanle effect in absorption [19] . The signal-tonoise ratio of the DFMOA should be better than in saturated absorption measurements.
